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_ PREFACE 
ir eis by Prof. Woodworth on the results of field 
‘ ee. ae is in continuation of an investiga- 


istory . ‘of ‘the Hudson river baie See in 1883 by the 

present state geologist. 

* ‘The great development of the branch of Quaternary investigation 

a ‘makes it now possible to seek positive proof where formerly only 

a - broad inferences could be drawn. 

: Prof. Woodworth’s work will include the Hudson and Chen. 
plain valleys and the drainage basins tributary to them and his 
results may be expected to contribute an important chapter to 


American Quaternary history. 3 
| _ Frepericx J. H. Merrit 


State geologist 


i, and ig cag ‘coast 0 Long 
last tay on the west to Oyster Bay: 
the Atlantic shore from the eastern 
eastward to Short beach. oes 

The matters considered in this ‘report are 1) ‘on 
glacial deposits, 3) Pleistocene history, including data gs ther 
the area on the west, 4) the post-glacial changes and processe 
in action. be 

TOPOGRAPHY ke 

As the traveler from Greenport or Sag Harbor approaches t h 
western end of Long Island, there are more or less continuor usl 
before him two low ridges, one skirting the north shore of th 
island, the other less elevated and continuous and at a variable 
tance inland from the south shore, the two being separated firs 
the deep embayments of the pronglike eastern end of the isl 
and then by a broad, sandy plain, narrowing westward to th 
eastern limits of the area with which this report is concerned. A 
this point, near Syosset, the north and south ridges rudely coalese 
The northern ridge takes a south southwesterly course, lies ee 
remote from the shore of the sound, and traverses the area so as to _ 
inclose the southern ends of the V-shaped harbors of Manhasset and 
Great Neck bays. 

What appears to be a continuation of the southern ridge is trace- 
able as a series of low mounds at Locust Grove, Jericho, thence south 
of Old Westbury, at Albertson station, Searington, and so westward 
to an abrupt termination at the base of the higher, more massive 
northern ridge just east of Lake Surprise. Between these mounds 


k ee Be oe in Harbor hil 391 feet. West of fan it gradually 

: falls off in elevation, and fiom Lake Surprise westward becomes a 

low, flat ridge with a steep south rly front and with a gentle slope 
‘northward. The broad crest, sel’ m over 200 feet above the sea, is 

- east into mounds and hollows, or knobs and basins, some of the latter 

containing small tarns or lily ponds, a feature less common in the 
eastern extension of the ridge. 

From the northern base of the ridge there extends a series of. 
plains or terraces, frequently at an elevation of about 200 feet near 
the ridge, separated by the wedge-shaped harbors of the north shore. 
These surfaces form the headlands or “ necks,’ between the bays, 
with elevations of from 100 feet to nearly 200 feet. The surface is 
deeply indented by valleys mouthing on the broader indentations of 
the coast line; and in the vicinity of Oyster Bay harbor the land is 
reduced to a few islands, now tied to the main island by marine 
beaches. 

Between these rude plains on the north and the broad plain on 
the south the deeper reentrants of the northern coast are continued 
by narrow depressions across the main ridge. One of these troughs 
occurs south of Manhasset, another at Roslyn, and similar passes 

‘traverse the ridge at the eastern base of the Harbor hill mass, on 
the road from Brookville to Locust Grove, and eastward along the 


lower grounds which they ove The ne 
dissected plains often reveals ‘ae as ArrOW 
rounded summits, and with small bays 0 : bcc oars  eithe 
at Mill Neck. Nea vo : 

The broad southern plain needs little more deser 
that already given than to note a low ridge, about 20 Fook ine v 
tion and from a mile to 2 miles wide, springing out f a 
plain near Lynbrook, and extending southwestward parallel to tl 
main ridge farther north, till it is eut off by the sea at Ford : at 
way. Associated with this ridge is the semicircular depres 01 
the west known as Jamaica bay, largely marsh-filled, and an ex 
sion of this feature in the region of Broad channel. Along be 
north and south shores are bars and beaches, with cliffs, prodocall 
the recent work of the sea. 


A summarized view of the island in this region would be a 
represented in a cross-section, such as that shown in fig. 1, in which 
the northern, rude, terraced plains rising rather abruptly above the — 
sound are succeeded on the south by the main ridge and the out- 
lying knobs, from which there stretches a broad plain sloping south- 
ward to the sea or confronted near Far Rockaway by a low ridge, 
beyond which in turn lie the south beaches. 
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Fig. 1 Diagrammatic cross-section of Long Island near the boundary line of Queens and Nas- 
Sau counties 


ck y lic of valleys a und a high ices alike. 
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nstitute a eroup or drift materials laid down Mane the margin 
a of an ice sheet or a successive series of such glaciers in the Quater- 
nary or, as it is now usually denominated, the Pleistocene period, 
-- a time defined as beginning in this hemisphere with the first of 
: these ice invasions on the coast plain and closing with the final dis- 
appearance of the ice from eastern America. The time since this 
disappearance of the ice, variously estimated at from 7000 to 10,000 
years, is frequently denominated the post-glacial epoch. With the 
deposits made during this Pleistocene period, the present report has 
mainly to do. | | 


_ Pre-Pleistocene formations 

The basement on which these Pleistocene drift materials repose in 
this part of Long Island has but a small exposure above sealevel, 
and that is mainly limited to the northern coast north of the main 
ridge, or moraine. These older materials are clays and sands, evi- 
dently an eastward extension of the nearly horizontal clays and sands 
largely of Cretaceous and late Jurassic age which constitute a large 
part of the coastal plain from New Jersey southward. Little is 
known of the attitude of these beds in this region, prior to the 
earliest ice invasion, farther than the reasonable presumption that 
they lapped over on the underlying gneisses and igneous rocks of 
the mainland and the extreme western end of the island, gently 
sloping from their inner margin seaward, as they still do in the 
coastal plain south of the glacial district. 


T1Ce 


The entire absence of any Bee * re 
series makes it even doubtful if the seaward migratir 
the Cretaceous series presented at the time of Pa irst fin “€ 
anywhere along the line from Cape Cod or Nantucket w a 
New Jersey, anything like a bluff or inface of strata over loo an 
bared, hard rock terrane on the north, such as might be ex 
were the rocks of a firmer character or of greater lithologie va 
At most, where these older clays now rise highest in dialogs cate 
masses, it may be that remnants of the old coastal plain, similar i 
origin to the highlands of Navesink on the New Jersey coast, stoo d- 
up on the interstream areas. The deep reentrants of the northern ki 
coast, as in the case of Hempstead bay, appear to be features of 
Pleistocene date, across whose site the Cretaceous clays previously 
extended unbroken. In short, no definite trace of an older detail obs: y 
land surface is now discernible beneath the glacial materials within at | | 
the limits of this report. The absence, however, of deposits interes - ie 
mediate in date between the older Pleistocene and the ancient clays e 
warrants the supposition that at least the northern part of the island — 
was an area of erosion by ordinary meteoric agencies. 

Beneath the Cretaceous and Potomac clays should come the hard 
rocks exposed on the mainland. These hard rocks in the form of 
gneiss appear at the surface westward in Long Island City and 
have been met in borings in Brooklyn. The precise depth at which 
they occur beneath this area is at present a matter of conjecture. 

The entire absence of hard rocks in fixed ledges or outcrops within 


.. witha ee Sit basin sdeaglapis, forming i in = 
as till, or asain clay when boulders are mixed with 


aed Biba? side of Hempstead harbor ia in anes area HotWesh Searing- © 
-~ ton and the main ridge near Lake Surprise. Ordinary till, largely 
in the form of scattered boulders, covers the terraced plains and 
the ridges and yalleys north of the main moraine. The rest of the 
area is largely composed of gravel and sand with local deposits of 
blackish or bluish black clay not certainly of glacial origin and per- 
haps to be regarded as of Tertiary or older age. Gravel and sand 
constitute by far the greater portion of the glacial deposits both as 
regards the surficial extent and cubic contents of the Pleistocene. 

Since these deposits appear by ‘their structure and relations to 
have been deposited in succession, some till having been made under 
the ice or at the ice front while gravels and sands were being laid 
down by water running through or pouring out of the ice, it will be 
necessary to consider them in the order of their development in 
time. In the chronologic succession, the glacial deposits exhibit 
three marked phases of Pleistocene history in this area: 1) a group 
of older gravels and sands with an intercalated till bed, the evident 
equivalent of the Columbia formation ; 2) the moraines and their 
attendant stratified gravels and sands, forming the topographic 
details of the surface; 3) between these deposits in the order of 
time, evidences of erosion by other than glacial action, which 
demand separate treatment. 
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The dbjedth as cxpoael oa UN ai 
water-worn gravels and sands, clearly ble in certain 
into an upper and lower series by a thin bod’ tg 2 ial bot 0 
It has not been possible in the course of the Biwi ur 
the area to determine whether or not the group thus det 
be divided into an earlier dislocated and a later snide 
but it is clear that many sections of these gravels, along w 
appears to be the boulder bed named, have been dislocated a 
north coast of the island. On Marthas Vineyard and Block isl lan 
such a division has been made out,* but the boulder clay parting, o1 
the other hand, has not been found there in the position of an in iter “ 
mediate conformable bed. Bi iti 
The gravels consist of water-worn fragments of quartz deriy 
from veins, granite and gneiss from the ancient Piedmont terrane } 


n cel sda ~*~ 


_ “a 


the mainland, of silicitied fossils from the metamorphic Paleosla. $f 
limestones of the mainland, cherts of the same origin, and ferrugin-_ = fe 
ous sandstones and fragments of concretions from the underlying 2 
Cretaceous or Potomac section. * 2 


'McGee, W J. Three formations of the middle Atlantic slope. Am. jour. 
sci. Ser. 3. 1888. 35: 367-88, 448-66. It has not seemed possible at present to 
establish a satisfactory comparison of the deposits in this portion of Long Island 
with the formations recognized in New Jersey by Prof. Salisbury. 

* Merrill, F. J. H. N. Y. acad. sci. Annals. 1886. 38 : 341-64. 

* Woodworth, J. B. Unconformities on Marthas Vineyard and Block island. 
Geol. soc. Am. Bul. 1897. 8 : 204-11. 


age Paihidna except for local. apse by iron oxids. The com- 
pau ison with the moraines is perhaps hardly just, because the 
‘moraines are locally largely composed of rearranged drift from 
these same beds, as in Harbor hill. The inference from the sands 


; . and gravels is that they are of glacial origin, modified by the work 
of running water, either ice-born streams or extraglacial waters. 


This conclusion as to their giacial origin amounts to a certainty 
when the intermediate boulder clay bed is taken into the account. 

That the beds extend southward beyond the Harbor hill ridge 
or moraine can hardly be questioned; but it is difficult to distin- 
guish the formation in front of the moraines from the later gravels 
and sands washed out from the ice front. At one point in the 
mounded drift southwest of Roslyn an exposure by the roadside of 
a coarse cobble bed with yellow pebbles contains also iron stone con- 
eretions which have evidently not been rolled, showing that they 
are probably in place, though loosened by exposure to surface 
actions from the surrounding pebbles. Beds of this character are 

found at the base of the Pleistocene on Marthas Vineyard in the 
- Gay head section,’ where the origin of the concretions is clear. The 
concretions arise from the erosion of light colored clays of the 
underlying Cretaceous or Potomac beds and their deposition with 
the coarse gravels as pebbles permeable to percolating water charged 
with iron salts. Cementation takes place by deposition of iron 
oxids around all of the pebbles, involving the outer part of the clay 


1 Woodworth, J. B. Geol. soc. Am. Bul. 1897. 8 : 205-6. 


evidence that the underlying white clays a 
ina oe heghng’ © ition. 
formity thus inferred is widespread to the east on 
yard and Block island and along the ‘Atlantic ¢ : 
the vicinity of Washington. Of direct (cel Soa 
said. On the shore north of Coldspring the gravelly b 1s 
base of the tilted Pleistocene series may be seen resting 0 
Cretaceous and older clays, but there. is no observed differ a s of 
dip, though the absence of identifiable Eocene or Neocene beds i 8 
proof of an unconformity. No clearer fact than this was gathered 
from the similar sections about Glen Cove and Glenwood. . 

Aside from this unmistakable instance of older gravels traci 
side of the moraine, it is uncertain to what extent the older beds r 
up the frontal plain. Yellowish gravels abound in the a = 
railroad cuts, but the yellow quartz pebbles have invariably been — 
washed and worn since they were stained, and similar pebbles are 
now working their way from the cliffs down the beach slopes into 
the deposits now making along the coast. It is to be inferred, how- 
ever, from the attitude and thickness of the Columbia north of the  _ 
moraine that a large part of the section south of the moraine is 
composed of these beds. 

The structure of these beds is revealed in only a few pits and 
coastal sections. The most extensive exposures in 1900 were found 
ina number of sand pits on the west shore of Hempstead harbor. 
In these pits the beds are horizontal, and the boulder clay bed is 
clearly traceable. 


— 


'Geikie, A. Textbook of geology. 3d ed. 1893. p. 146-47. 
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rying from 3 to 10 feet in fhieleness may be seen ina posi- 
n to indicate that it is interstratitied with these older gravels; 
it _ Ses in the sand pits on St ae bay that a bed of this 


is de eae the a ee is a bed of boulder ae fon 2 to 3 
feet thick, traceable in all the pits open in 1900 south of Bar beach. 
The matrix of this bed is an unctuous dark blue clay locally sandy 
or gravelly. Scattered through it and sometimes in close contact 
with each other are glaciated boulders often over 1 foot in diameter 
and numerous pebbles attesting the glacial origin of the deposit. 
Several large boulders examined in 1901 by Dr F. J. H. Merrill 
and the writer were recognized by the first named as having been 
transported in all probability from the Adirondacks. Other small 
boulders carrying Silurian fossils indiéated their origin in the Hud- 
son valley north of the Highlands. The longest journey made by 
these materials appears to exceed 200 miles.' 


The bed rests evenly and smoothly on the underlying gravelly sands 
without marked disturbance or erosion. This relation to the under- 
lying bed suggests the dropping of stones and clay from overlying 
floating ice more than the actual advance of an ice sheet on this part 

1 Mather reported finding in the valley of Schoharie kill, poulders with ‘‘ opales- 


cent feldspar like that of Essex county” and referred them to parent ledges in 
the eastern Adirondacks. Geol. rep’t. 1843. p. 187. 


mack of Abs heals of gheel CR lains and 
sands and gravels which have accumulated a 
cier or its outlying stagnant masses. The bays re 
erosion cutting through both the Pleistocene and | 
Pleistocene clays and sands alike. ae 
A bed of till, presumably an extension of that above deal cribec 
oceurs on the east shore of Hempstead bay in Glen Cove sboat a 
feet above sealevel, in the following incompletely exposed sec ctio 


PLEISTOCENE SECTION IN GLEN COVE, FROM TOP 


Gravel and fine sand............... ss as sho 

Till, with small angular boulders... ... rks ee, . 
Gravel, clayey \'.. . fede veg sun Peo uae sate eae : 
Gravel; sandy. 6: 4 ee ese ee Cee 3 ae 
Sand, base not seen........... Jac hN se cae eanee - 


20 feet distant the till passes into stratified gravel and sand. Te 
rapid transition of the till into stratified drift at this locality explains st 


the absence of the bed in many sections.. It was probably locally “a 
deposited. ~? 


A similar till bed distinetly less bouldery but equally amorphous, 
is exposed in the bluff at Barker point, from which, first appearing 
at about 20 feet above the sealevel, it sinks, on the western face of 
this headland, southward, being involved in the dislocations of the 
north coust of the island (fig. 2). 
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oravelly sand from 6 
) feet thick, with pockets 
‘lay. A gravelly till 10 
thick underlies this bed, WAAR A: 
which again appear § PLR UZ NAVE WY, 


pound gravels and sand. pig. 2 southwestern face of Barker point. 
+ the headland underlying A, cross-bedded ferruginous sands; B, the till 
<a e bed 5 or 6 feet thick, resting unconformably 
DUE clays rise up mM a knob, on the sands, and overlain by sands; C, sands; 
with san ds eut off on the east D, surface tiil and boulders, the fine materials 
Ay : 2 ) — 2 4. heing largely rearranged sands 
the whole being overlain uncon-_ | 
formably by till with boulders up to 2 feet in diameter. At the 
headland on the southwest, the sections shown in fig. 5 and 6 
exhibit an earthy gravel (as in fig. 6) evidently a phase of the till 
bed or the till as in fig. 5, resting unconformably on tilted yellow 


sands, which in turn repose on disturbed clays. 


Fig. 3 Section along the bluff west of Rocky point. a, clay exposure’ B, till; c, sands aud 
gravels; d, partially buried surface boulders 
_. Above these exposures on the shore the ground rises on the eroded 
and till-covered slopes of the Columbia. The evidence of uncon- 
formity between the till bed and the underlying disturbed clays ana 
sands is in sharp contrast with the sections on Hempstead bay and 


Zz and pass by gn a 
Fig. 5 Local section at Rocky point showing aor dewey ae 
deformed blue clays and banded sands, uncon- Sections on Cape Cod bec: 
sapaned cinoiagpbelusm-inalattamwebedaytae! rei k The upper part 
fied gravel of the sands carries boulders ; 
the whole may well be a pasal 
portion of the Columbia. At one point a small fold over ined | 
; southward has passed into a rever 
fold-fault. Viewed as an ove 
thrust, the movement has b 
northward. To accord with 
hypothesis of glacial thrust 


from the north, it is nece 


. « a> 
taken place. “eee 
The railroad from Oyster Bay to May 4 
Roslyn passes through three deep _ eat 
cuts in an eastwest valley in Mill he 
gions fy sorelesd an pete! ae Neck. In the cut nearest Oyster | 
lowish sandstone, with boulders; GC, Bay, whitish to pinkish sands, prob- 
earthy gravel 
ably Cretaceous, appear at the bot- 
tom, succeeded by about 30 feet of coarse gravels, ill stratified and 
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evidently pertain’ 
the last drift. The 


hi Fig.7 A fold-faultin clays at southern end of Center 
ons show, however, island in Oyster Bay harbor _ 


See shat sho Columbia man- 

- tles over and is wrapped about masses of the pre-Pleistocene series, 
as previously stated on p. 622. Similar partial sections occur on 
Great Neck near Manhasset. — 

In the sand pits northwest of Port Washington, the pre-Pleisto- 
cene clays are also involved in folds, giving rise to a structure, the 
upper member of which isa gravel and sand bed of the Columbia 
formation, itself clearly older than the sands of the Port Washing- 
ton delta yet to be described (p. 646). In this instance the axis of 
the anticlinal structure lies north and south, and the dislocation 
may be of a relatively late date, even so late as the time of forma- 
tion of the delta named, when the ice lay deeply embayed along 
the north shore of Manhasset neck and when an easterly movement 
in the mass might be expected, since the ice at this locality was on 
the eastern margin of a glacial lobe at the mouth of the Hudson 
valley. 

The deposit of sands and fine gravels forming the tabular hillock 
whose frontage on Manhasset bay near Port Washington is known 
as Tom point is a unique example of the deformation and erosion of 


ee Gs how far this d listurbe : 
and how much has been done oy ‘the ¢ 
subsoil. 


shore of Manhasset bay, where the rae lalate is esse 
horizontal, along with the protruding masses of these older cla 
massive portions of the section, indicate a relatively early dis 


Fig.S Southward dipping flexed beds in Manhasset sands at Tom point 
near Port Washington, showing eroded surface 


same date in this portion of the island, ranging in age from at least 
the oldest Pleistocene to the time of the main moraines, cordial 


tion of * 
tions of t t 
pre- Pleis 
cene ba 
ment “a th 
island. 
would the I 
fore oper 
that the dislo- 
cations were | 
not all of the | 


none of them are later than the Port Washington stage. a . 
The upper limit of the Columbia accords roughly with the hight ee 


assigned to the plains described as lying north of the inner moraine, 


that is to say, the deposits are approximately delimited by the 200 
foot contour line. Where lower, they have been eroded; where -— 
higher surfaces exist, later glacial drift, usually till, is found cover- 
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their Beal i 
nt that these Columbia beds, exposed in fils bluffs and 
rraces along the north coast of the island, may once have 


extended much farther to the northward, but how much farther 
sts ‘into the area of the sound is not now definitely determinable. 
Their occurrence on the Connecticut mainland has not as yet been 
reported, and till that area is carefully studied with this problem in 


mind, it can hardly be satisfactorily settled. The same indefinite 


answer is elicited from a study of the equivalent beds on Block 


island and Marthas Vineyard. In other words, the precise position 
of the ice front and terminal moraine of this earlier ice advance is 
unknown, though it could not have been many miles north of the 
inner limit of these gravels and sands with their intercalated bed of 
true till. | 

Aside from the disturbances above noted, two classes of changes 
have affected these beds since their deposition: 1) the discoloration 
of the beds by local and secular chemical changes in the iron-bear- 


1Curtis, G. C. & Woodworth, J. B. Jour. geol. Chicago, 1899. 7 : 226-36. 
2Upham, Warren. Glacial history of the New England islands. Am. geol. 
1899. 24:79-89, with bibliography, p. 89-92. 


e Bie 
Pecans by te 
gel pits on the west s sor of 
iron-bearing pebble has oxic 
ing outward and mainly are rd thro 
rain water, The sands and gravels above 
this change. . 
Widespread discoloration of the gravels toa doe yellow | 
in Roslyn in the bluffs on the east side of the town below 
of the moraine. This deeper and more thorough coating 
gravels in this locality is a natural result of the lixiviation of 
ferruginous rocks in the overlying moraine, the products of 1 
oxidation and hydration have worked downward into the por 
gravels beneath. < 
The discoloration is therefore a change which is probably se 
and in progress. That it had already advanced very far before ie 
moraines were formed is indicated by the abundant occurrence in 
the moraine of yellow, stained quartz pebbles; but these pebbles in 
the moraine are usually not in the place in which they were original ce rs 
stained, for they have water-washed surfaces. The staining was 
accomplished while the pebbles lay in an earlier deposit, either ae 
Columbia or some unexposed member of the ancient coastal plain. 
Erosion interval. The evidence of late dislocation on a small 
scale commensurate with the pushing and dragging action of a— 
great ice sheet, the spreading of till and boulders over the surface : =. 
of the Columbia, and the amassment of heaps of drift evidentlyin 
part derived from the surface of the deposit, afford indubitable evi- 
dence of the degradation of the formation to some extent by ice gs 
action subsequent to the completion of the series of deposits. But 
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3 that in whose lower extension Mill 


| ane Gen it must be aaluetisd subglacial drainage may 
have followed the course of this valley for a part or a whole of 
course. The objections to accepting the valley, however, as the 
work of this subglacial stream, aside from those above stated, are 
om m3) the graded character of its bed, sloping northward toward the 
oe sea as if made by a normal stream like that now flowing in it, 
ak though the existing stream evidently flows in a valley which it 
- found encumbered by more or less glacial drift; 2) the tributary 
vales evidently cut by running water as in normal open air streams ; 
3) the course of the stream at Glen Cove, east and west, in a direc- 
tion contrary to ice movement in this locality. The digitation is 
even more pronounced in the case of the Mill Neck creek valley 
just south of the ponds. The upper part of the valley above the 
100 foot contour is also walled in by glacial deposits later than the 
Columbia in which it is cut. Like considerations hold in regard to 
the deep valleys which extend from Oyster Bay village toward 
East Norwich. The Mill Neck creek depression continues below 
sealevel, and, branching south of Oak neck, separates that island — 
an island except for the barrier beach tying it to the land on the 
west — from Mill Neck. It is evident that there has been developed 
a marked dissection of the Columbia, and that this dissection on north 
and south as well as on east and west lines is increasingly severe 
toward the northern coast, as in the normal degradation of an area 
of incoherent materials marginal to a depression such as that of 


of the pateebaioge Get r 
deposition — probably small ¢ 
extending above sealevel —and so 
deposition by tides and currents. A 
these embayments ecbenguent to ‘the 


port harbors. They are also found on Marthas von in 
pond and Menemsha pond, and on Block island in Great p m1 

As to the period of this valley-making, excepting the modi 
and enlargement by ice action, it is clearly older than th 
or ‘inner moraine at Roslyn, a deposit believed to be equiv 
the Cape Cod moraine. Whether the stream erosion preced 
followed those fragments of an older moraine which on this & 3€ 
mark the western extension of the outer or Nantucket moraine 
appears to be locally undeterminable, because the two sets of p 
nomena are not found in association. If a comparison with Mart. 
Vineyard and Block island holds good, the erosion of the valle 
should be here as there anterior to both moraines. In all of these — 
New England islands, the valleys do not occur as such on the one 4 
of the moraines, because that area has been buried beneath the out 
wasli plains of the first or outer moraine on the eastern islands onde 
of both the first and second, or inner and outer moraine on oe 
Island. | 

The time involved in the excavation of these valleys is indetermi- 
nate. They are largely excavated in gravels and sands of a porous 
structure. Much of the existing rainfall passes through the 


lin in ou area ee sibcady bees * 
7 ont inf the topography. Both of these deposits 
ely composed of materials which have been water-worn, 
eature retlecting the nature of the terrane from which the 
rials were eroded and on which they were deposited. The ice 
2et on leaving the bed rocks of the mainland and the north shore 


and pais aalarane debris frets these older water-worn deposits ; 
hence the water-worn pebbles which abound in the moraine even 
_ when the materials are truly ice-laid without stratification. True 
te. clay occurs in small patches, but much of the till is sandy, 
and even in its coarser phases often exhibits traces of water action 
closely followed by a shoving of the deposits into contorted drift. 
The outer deposits consist of a few low knobs rising like kames 
from the surrounding gravels. They bear a few boulders on their 
surface and frequently in road euts reveal a thin patch of till. 
West of Searington rolling surfaces of till composed of a gravelly 
boulder clay give the deposit, along with its steep southerly front, 
something of the aspect of the main moraine as it exists southwest 
of Lake Surprise. These knobs and their rare attendant basins have 
a much less strong development than those heavier accumulations 
which lie in the form of a strong ridge immediately north of them. 
The deposits do not afford in themselves precise indexes of the posi- 
tion of the ice front at the time they were made. They appear to 
be submarginal deposits laid down when the ice front lay somewhat 
to the south of them, and are best compared with the kame moraine 
in the eastern part of Nantucket. 
The inner or main moraine exhibits likewise the two phases of 


5 ee 


on water-worn gravels et tee a ne an 
mace of the knobs is furthers —_ ed 1 


Westbury sae Their massiveness ane accordance it ey 
with the inner ridge are good evidence that they were | form 
the same phase of ice action which was concerned in the cons 

tion of the main ridge of which they are but spurs. o - 

The thick till phase of the moraine proper shades off. 
ceptibly into the thin till phase of the upper surface of ches ravel 
plains on the north. This latter drift appears to be, over me st | t of 
the area, ordinary ground moraine like that on the na Ps 
north of the moraines. Only here and there and viartisuiaidl on t 
extreme eastern border of the Oyster Bay quadrangle do consider 
able patches of till with morainal topography lie north of the nigel 
wall, but none of these have the aspect of a frontal deposit. They a = 
are, rather, thickened deposits of the ground moraine, and thelr "ae 
principal relief is molded on the ridges and valleys of the older — a | : % ; 
drift which they mantle. They have therefore on the map been 
distinguished from the deposits which by their linear arrangement — 
and massiness more clearly pertain to deposition at or immediately 
beneath the ice front. 

The stratified gravels in the moraine appear to belong to two dis- 
tinet categories as regards the mode of their origin: 1) ontwashed 
gravels laid down at the ice front and subsequently pushed up into —* 
ridges; 2) high cones or fans deposited along the ice front by out- 
pouring streams either from fountains such as Russell has described 
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on the Malaspina glacier; or 3) deposits made in water-eaten cavities 
in the ice front. Asa rule, the gravels are seldom so well exposed 
as to reveal the structures on which a decision as to their precise 
character can be arrived at ; and their origin in the presence of the 
ice in all cases being so intimate as to permit the falling of erratics 
on their surfaces makes it difficult to discriminate them from the 
gravelly till. This is particularly true where the growth of trees 
and the overturning of the superficial deposits have broken up the 
original stratification in the surficial portion so that the materials 
have the structural appearance of till or at least ice-deposited 
gravels. The deposition of the surface gravels by direct ice action 
is sometimes shown by the scratches on hard silicious pebbles. 
These scratches are usually miscroscopic and would have been 
quickly effaced by water action. Such pebbles occur in the churned 
up gravelly drift on the surface of the Columbia north of the 
moraine. The structure of the principal knob in this moraine 
chanced to be revealed in the summer of 1900, and the following 
notes on Harbor hill show the surprising development of these 
water-worn gravels in the deposit. 

Harbor hill. The precise mode of accumulation of the materials 
in the terminal moraine still demands explanation in numerous 
details, particularly in regard to those portions which are mainly 
composed of stratified gravelsand sands. Nowhere in the moraines 
on the islands off the southern shore of New England does this 
problem become more urgent for a satisfactory answer than in 
Harbor hill, a towering mass of stratified gravels, forming the cul- 
minating point of the moraine on this quadrangle at the eastern 
side of the pass through which the glacial drainage escaped from 
Roslyn bay to the great south plain. This hill rises with steep 
slopes into four knobs, the highest of which has an elevation of 391 
feet, its base on the outwash plain being roughly circumscribed by 
the 200 foot contour line. 

At its eastern base, the hill is separated from the extension of 
the morainal wall in that direction by a distinct depression, or 
trough, one of those numerous channels which gave exit to the 
intraglacial waters on to the outwash plain. On the west, its slopes 
fall off to sealevel at the head of Hempstead harbor. The high 
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did 
the leteaiee eee naly 
gravel beds dipping 30° sou wth ad 
of the knob appear clearly to. in the gr 
formed along the ice front, omologaty aa ea 
form in the lower course of a drainage furrow on 
mountain valley, with this difference, that the mass a 
it was formed, being ice, has melted away. | 1 ae Ns 
The glacial gravel in these cones and mounds arranged along t 
ice front, would appear to have been washed off from the te r 
the thinning ice border or to have issued from tunnels in the u cae 
part of the ice. The character of the material in Harbor hill ¢ v f 
a decisive clue to its origin. The gravels are mostly yellow q a ce : 
from the older Pleistocene deposits which flank the moraine o na | 
north. They probably have not been transported for dista 
greater than 10 miles; they may have been caught up from e 
base cf the ice within 3 or 4 miles. At all events, they are local 1h ae 


derived material already existing in the district when this “a 
of the ice was accomplished, 


<n 


The elevation of Harbor hill, nearly 400 feet above present oor 
level, aifords conclusive evidence as to the least estimate which may | jae 
be made on the hight of the ice front at this point. This hight was Se 
at least 400 feet and probably more. This least elevation agrees 
well with the data found by Smock! in the longitudinal valleys of 
northern New Jormgs where ice tongues rose northward for a few 


‘Smock, J. C. On the surface limit or thickness of the continental glacier in 
New Jersey and adjacent states. Am?! jour. sci. 8d ser, 1882, 25 - 339-50. 


Be onc pine ae ice aiid 
st “aaa sped sins and ¢ inner moraine. tive very ——— 


: “across thes ening stretches of sea and land or islands to Long 
7 Island, most successfully by Warren Upham, whose name and labors 


must ever be associated with the glacial deposits of this region. 
Mr Upham evidently regarded the inner of these two lines of 
moraines as terminating, so far as its relief above sealevel is con- 
cerned, at Port Jefferson. The morainal ridge which extends from 
the vicinity of Coldspring to New York narrows was regarded as 
the outer moraine. This interpretation has, so far as I know, ever 


since been generally accepted,* and the moraines have so been repre- 


sented on compiled maps, leaving as an unsolved problem the ques- 
tion of what has become of so well defined a moraine as that which 
from Port Jefferson eastward has been known as the inner moraine, 


1 Russell, I. C. Second expedition to Mt St Elias. U.S. geol. sur. 13th an. 
rep’t. 1893. pt 2, p. 81. 

>Upham, Warren. Glacial history of the New England islands. Am. geol, 
1899. 24: 79-89. 

§’Chamberlin, T. C. U.S. geol. sur. 3d an. rep’t. 1883. map, pl. 33. 
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serratlig waciciius ol tie tt inlar ‘tr 
made in the fall of 1900 by J.B, Wax dm: 
extension of the inner moraine to tlie so hwest 
on to the eastern limits of the Oyster Bay quad : 
This interpretation of the westward oxtousioo'el sist 
is quite in line with the observed tendency of the ice fi 
southern coast from the easternmost point in Miideahit s to 
Hudson river. On the east the moraines of Nentackée n a ; 
Cod are at the outer margin of these two lobes more than § > miles 
apart. In the region of Vineyard sound they are from 5 to 10 
miles apart; they are quite 10 miles apart in the meridian of E lo k 
island; when they reappear on Long Island, they approach each 
other. West of Roslyn, the second moraine crosses the first. é aa 
this it is concluded that the inner moraine is not so much ar 
sional moraine as a frontal moraine built after a retreat frou re 
position of the first moraine, followed by an advance to the oon ee 
of the second moraine, accompanied in the Hudson valley by a. ay “2 
greater outrun of the ice sheet than in the first advance. This 
overlapping of moraines is a well attested phenomenon in the ream x 3 
south of the great lakes. "Oh 
The ice front which rested against the north coast of Long Talal 
in the vicinity of Port Washington can not well be the same as that _ 
whose moraine caps the cliffs east of Port Jefferson. In the first 
place, at Port Washington the morainal accumulations are very 
slight indeed and do not rise in mounds; in the second place, the 
ice sheet halted there for a brief time only, as is witnessed by the 
small amount of outwash in the sand plain at that locality. This 
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halt is rather to be compared with those nearly stagnant ice fronts 
which are marked over southeastern Massachusetts and in the Nar- 
ragansett bay region by similar sand plains formed in the retreat 
of the ice from the long maintained frontage on and against the 
Cape Cod moraine, a stage everywhere on these islands marked by 
well developed outwash plains. 
Glacial streams. The course of glacial streams escaping from 
the ice front and extending over the frontal plain on the south side 
of the island is plainly indicated by the creases extending from the 
moraines near the head of the north shore harbors and from other 
passes in the main moraine. The principal of these streams seem 
to have followed the course of the harbors, if we may judge from’ 
the cross-section of the erosion channel or interruption of the 
moraine where they crossed it.. The most instructive of these chan- 
nels across the moraine is at Roslyn; there is another at Manhasset, 
and still another less marked at the southern end of Greatneck bay. 

In each of these cases the larger valleys quite up to the pass 
in the moraine appear to have been occupied by ice at the time 
the ice sheet began to melt away. The thalweg north of the pass 
or divide rises steeply, usually from the bay side, invariably much 
steeper than the gradient of those valleys which, elsewhere on the 
surface of the plains north of the moraine, have been interpreted as 
older than the last ice advance. The pass in the moraine north of 
Creedmoor at the southern end of Little Neck bay is about 150 feet 
above sealevel; that of Manhasset bay is about 170 feet. The Ros- 
lyn channel is at about 130 feet. There is thus no accordance of 
level in these outlets. 

Other passes across the main or inner moraine occur west of Ros- 
lyn at about 230 feet, and east of Harbor hill at about 90 feet. 
Southeast of Brookville there is a pass at about 230 feet, and south 
of East Norwich another at about 210 feet. All of these appear to 
be more or less in line with certain valleys north of the moraine, 
and all of them lead out south of the moraine into creases which 
descend to the sea. 

The broad depression passing by Locust Grove toward East Nor- 
wich is not wholly erosional in origin. Just north of the road at 
Locust Grove the bottom descends into a large elliptic pit suggesting 


thesea, ap Ara, 
The frontal wlio near + Oneodiadee 
crease, and many creases which are distinct on 
margin of the outwash plain become faint Here actic 
as surface features nearer the moraine. This fading 
would be caused by the wandering of streams over ithe a f 
spreading gravel and sand, with the aggradation or building a 
the plain by the streams near the ice front so long as they BY 
overloaded with debris. | 
The creases on the eastern part of the Hempstead quadrangl 
deflected southwestward into the Jamaica bay depression. Ea 
that region, the streams flow generally southward, the numer ous 
creases inarked by the 100 foot contour line, for instance, gat ne ‘i 
southward into six or seven drainage channels through which sm: 
streams now drain the water from the plain. 7) RS 
Outwash plain. The outwash plain is evidently more complex eos 
in its origin that its mere surface would indicate. The disap- 
pearance of the older Pleistocene gravels beneath the moraine on ma, 
the north at about 200 feet above the sea has already been noted. __ 
Just as the level of these deposits falls off on the north side of the See 
moraine to the westward, so does the hight of the outwash plain, 
and, for that matter, that of the main moraine itself. There is good 
reason for holding therefore that the so-called Columbia deposits 
extend south of the moraine and presumably underlie the outwash 
plain, if they do not actually form here and there surface exposures. 


ely element fas ae upper oe of the section of 
Ss s the brick clay found at ae Williston. While clays 


ve sea, to Be subsequently pi erlaie by the outward growth 
3 thickening plain, such clays would hardly be formed with a 
o nearly that of the completed gravel plain ; and it is prob- 
able ‘that these are either an older degraded deposit or owe their 
Seiten to the deformation and uplift of the basement on which the 

deposits and topography of the last extraglacial streams have been 
imposed. The section, which is exposed in a somewhat depressed, 
troughlike area, is as follows: — 


SECTION OF CLAYS AT EAST WILLISTON 


Feet 
0 A lee ee iy dx ane gh oa IY ee Mas 
Sand, gravelly, with quant and granitic pebbles, locally red- 
RMN rE SS 5.55.0 tae tanta lem we lad step as net esi we 8 
Clays, sandy, with quartz pebbles...... We Rie oer ee 
Clay, sandy in yellow band......... Bi sv niaste ASAT athe 
Clay, blue, finely laminate, rarely with ies pebbles, 
PmpoOped ss... .. Sree ten PED ect ge eee See Oe on es 


The section is apparently conformable throughout. Crosby, if I 
understand him rightly, would refer these clays to the Tertiary. 

The manner in which the water percolating through the sand 
plain north of and above the 60 foot contour in the Hempstead 


tation Biahd la eat rlike ridge 
ville ; a oe ce r, mu 
than its southeastern face, is not conelus | : Bs 
the northern margin of a frontal 


deposit up against the base of the ice front. If this depos » 
such an origin, its northern slope would fix the front of t Ac 
the time of the making of the outer line of morainal depocitag 
half a mile in front of the submarginal moraine, and this gravel 
would somewhat antedate the part of the creased plain lying tot t 
west. | rT re —: 
The plain everywhere on the south sinks beneath the surface of 
the marsh without trace of a shore line action. So far as its present f 
surface is concerned, it appears to have arisen by the outwash ‘ 
streams in the manner of those extensive sheets of gravel, sand, and 
glacier mud which confront the Malaspina and other existing ee ; 
ciers in high latitudes at the present day. BP 

With the completion of the inner moraine and the sheeting over hic ; 
of the southern outer slope with gravels and sands creased by out- 
running streams, the principal work of the ice sheet on this portion 
of the island ceased, and we next find indications of its front farther — 
north along the blufflike descent to the present Long Island sound. 
This front is best marked at Port Washington and on the area to the > 
westward shown on the Harlem and Brooklyn quadrangles. 

Port Washington stage. The first definite trace of a halt 
in the ice front after the retreat from the main moraine is found on 
the northern and western extremity of Manhasset neck near Port 
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and ith: a hte margin. These 
vard fr m the east and the north and have their sum- 
od by the 80 foot contour line. | The plain of sand is 
boulders, and its structure, as shown in numerous deep 
consists of beds dipping everywhere southward toward 
re at angles of about 20°. All about the iceward edge of 
% | plain are boulder-strewn fields, which on the north and 
: west have a decidedly moraini¢c topography below the 100 foot con- 
tour line. — _ From near Plum point around the coast of the sound to 
ce Mott point this topography is very distinct, forming a rough slope 
ee am to the ‘sea rather than a ridge; but the morainal deposits, as shown 

“ab: Barker point, are a mere veneer over older glacial beds. 

The topography thus defined marks the overlap of the ice sheet at 
this stage on Manhasset neck, and the sand plain is a delta formed 
in a body of water whose surface was approximately at the level of 
the summit line of the lobate margin of the deposit. 

It follows from this conclusion that, if other sand plains at this 
level oceur to the east and west on the north side of the moraine 
within approximately the same distance of retreat from the main 
moraine, the probable position of the ice front at this later stage 
may be traced by drawing a line along the northeru margin of these 
deltas. 

Another such deposit less clearly developed occurs at Great Neck 
village at approximately the same hight; and, as the line between 
the inner margin of the sand plain and the ice edge on the western 
part of Manhasset neck turns in this direction, it appears legitimate 
to associate the two deposits in the manner indicated. The line 
thus drawn suffices to show that the front of the ice sheet was at 


. 
alice 


rete purpose eof eoinpaiieon and in. 
detinite conclusion the problems arising on the area 
with, a reconnaissance was made of the. og gion on tl 1 
questions which have thus far arisen are the distin netic 
inner and the outer moraine, the nature of the water | 20 
the Port Washington delta was deposited, and incidental he 
son for the diversion of glacial drainage on the outwash plai | 
Jamaica bay. ay, a 
It has been shown how the “inner ” moraine becom 
principal and outer moraine west of Roslyn. From this: 
particularly near Hollis, to the western limit of the island t 
ment of the front of the moraine at its merging into the sam 
is strikingly uniform in direction. From 2 to 3 miles eas 
west of Jamaica this line certainly is suggestive of an ancient | 
line, now at about 80 feet above the sealevel. % 
A number of newly cut streets expose the glacial deposi 
this line, particularly on the crest and frontal slope of the mor 
in the vicinity of Jamaica. The moraine near the front is al 
of till with medium-sized boulders, often passing into an ill strati- 
fied, contorted drift, with lenses of till and gravel, the ‘opagaea 
of the whole being of the knob and basin type. 


The frontal slope of the moraine inclines from 15° to 20°, an 


ay < 
ce 


t 


' On the colored geological map accompanying this report, the deposit at Great — 
Neck village is not discriminated from the older Manhasset sands for the reason 
that no section of the deposit was obtainable. 
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el - margin <3 the frontal plain, then bend downward into 
kettle-hole i in the deposit, a Cepression marking the site of a 
mass: ‘of ice. The attitude of the beds suggests frontal shoving on 
ie part of the ice sheet as well as irregular deposition; but the 
Peasant feature at this locality is the apparent absence of any- 
thing like a cut bench or cliff in the bulging front of the deposit. 

The structure of the sand plain is exposed in occasional pits. 
The beds are prevailingly cross-bedded, showing frequent reversals 
in direction of the transportation of the sediments. Such cross- 
bedded Jayers occur in glacial gravels where there is no reason for 
supposing the sea to have acted on them. 

On the east, on the Oyster Bay sheet, the inner margin of this 
frontal plain rises above the 100 foot contour level; in this region 
it sinks gradually below it, till north of the Jamaica bay depression, 
where the plain has a width not exceeding 14 miles above sealevel, 
its hight next the moraine is only 60 feet ; westward it rises shghtly 
again. Fora portion of its length, therefore, this line accords in 
elevation with the 80 foot level of the water body in which the 
Port Washington delta was built. If throughout the line accorded 
with the Port Washington level, it would favor the existence at 
that stage of a body of water in front of as well as in the rear of 


Washington stage of ice ee 
The semicircular area of Hey and « Si 
bay outlines a remarkable depression in th “ 
moraine immediately back of it is quite as well 
some distance east and west of it, nor is the crest 
perceptibly lower at this point, where there ap] ye rs 
of development of the plain. The moraine she ws the 
signs of having been depressed at this point, and was orn 
ably later than the depression referred to. Ae 
That this depression in the plain is a feature dat ng fr 
g'acial times and an original feature in the growth of be eo 
also shown by the behavior of the creases or drainag 
which lead into the bay: these creases converge on all si 
the depression, showing that the slopes of the plain » 
now toward this relatively unfilled area. It follows there 
the plain has not necessarily been deformed sinee glacial ti - 
that the rising and falling of the inner line of contact of the 
with the moraine is an original constructional characteristic of 
deposits. If this reasoning be correct, then the local coincidence ict 
level of the inner margin of the plain with the level of the Port | 
Washington delta is not due to the control of a water level common 
to both areas. ‘iyie 
Moreover there is reason to believe that the frontal plain was 
iainly developed when the ice lay along the inner moraine pre- 
vious to the Port Washington stage, and, as will shortly be stated, 
that the Port Washington delta was deposited later in a temporary 
lake confined between the moraine and the retreating ice front. 


Binnd; cece 0 ee cone oF the Far ierends ridge, was 
; but the following well section, reported by Dr. F. t? H. 
Perera years ago, would seem to indicate that the Far 
ay gravel extends in that direction. The normal sediments 
ep plain would be, at least at surface, at this distance 


; i WELL SECTION ON BARNUM’S ISLAND? — "Feet 
| Sand and grave, stratified........ it? PI ed cea eng oh nl ia Se 

Geetmand clayey sand with lisnite.....0.220.....0..000.0, 56 
Gravel and fine sand with clayey sand.................... 44 
Blue clay, clayey sand and silt, with lignite and pyrites...... 168 


Crosby agrees in referring the upper 70 feet to the yellow gravel. 
The elevation of the ridge is quite uniformly a little more than 
20 feet above the sealevel ; its direction is parallel with the moraine 
on the north of it. This association of a depression which appears 
_to have been in the process of filling by streams pouring from the 
ice front, with a bar of gravels older than the outwash plain, as their 
composition and form show, suggests the deformation of the 
Columbia or some underlying coastal plain formation at some time 
anterior to the completion of the moraine and its frontal plain. 
Such deformation might well arise as the effect of the imposition of 
the weight of the ice sheet on the yielding sediments previously 
deposited. In this view, the Far Rockaway ridge is an outlying, 
upraised fold, or “ parma,” ” and the bay a correlated depressed area, 


1Merrill, F. J. H. Geology of Long Island. N. Y. acad. sci. Annals. 1886. 
8 : 350. 
2 Suess, Edouard. La face de laterre. Paris. 1897. 1: 820. 


of west, forming ¢ a preps. fs: : ‘ 
in New Jersey, glacial striae in this part 
to the east of south. A number of ledges 
City meet this requirement. One of the larg 
rock occupies a vacant lot adjoining the Queens ¢ , w 
on the west. The ledge is heavily glaciated, forming a C 
roche moutonnée. The striae range in direction from 2 ee 
west (magnetic). A few striae run from n 15 w, and on e set 
scratches lies in a northwest direction. The strike of the f oliati 
of the gneiss is n 25 e magnetic. Other outcrops occur to the 
east with striae running from the north northwest. piles: . 
shallow oval depressions extends in a northwest and southe 
tion across one outcrop, the whole bearing evidence of water a 
presumably that of a subglacial stream. : 

The southeastward movement of the ice on this side of the I 
‘son valley is further attested by the drift. The moraine fi 

srooklyn as far east as Oyster Bay contains trap boulders, the 
nearest known site of which rock is in the Palisade trap ridge on . 
the west bank of the Hudson river. ow 

Stratitied red sands, also undoubtedly derived from the area of * 
Triassic red sandstones now found only on the west bank of the Hud- is 
son, occur in a section by the roadside from Corona to Astoria, being 
there overlain by 8 or 9 feet of gray till with trap boulders.’ 


' Boulders of trap and red sandstone were seen by Sir Charles Lyell in an exca- — 
vation made ina boulder bed at the Brooklyn navy yard, See Lyell, Charles. 
Travels in North America. N. Y. 1845, 1: 189-90. 
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This fanning of the ice sheet to the eastward on the east side of 
thé lower Hudson and to the westward on the west side is consistent 
with the form of the moraine across the mouth of the river. The 
axis of the lobe thus indicated has been fixed by Salisbury on the 
west side of the Palisade trap ridge.! 

From what has been stated, it would appear that the western end 
of Long Island is occupied by a moraine and a contemporaneous 
outwash plain built along the margin of the ice sheet, when it had, 
in this region adjacent to the mouth of the Hudson, pushed a lobate 
mass somewhat farther south than the limit attained by an earlier 
stand of the ice front, marked eastward by the outer moraine from 
near Roslyn to Nantucket ; that the frontal plain in this district rises 
to slightly different levels against the front of the moraine, a feature 
which is constructional and not due to post-glacial warping ; and that 
the front of the moraine as a whole presents no decisive evidence 
of having been subjected to marine action above the present level 
of the sea. 

With this statement of the observations bearing on the marine 
limit at the time of the last ice invasion, it is necessary to return to 
the later ice phenomena exhibited in connection with the Port 
Washington stage of the’ retreat. 


Port Washington glacial lake 

It has already been pointed out that the last evidence of the pres- 
ence of the ice sheet on the area covered by the Oyster bay quad- 
rangle is found in a well defined delta and attendant ice-laid deposits 
occupying the semicircular tip of Mannasset neck. The phenomena 
indicating a halt of the ice front against this headland for a brief 
time subsequent to the retreat from the inner moraine at Roslyn are 
very clear. The conclusion having been reached that the area has 
not been submerged to the depth of 80 feet since the beginning of 
the deposition of moraines in this part of the island, it seems neces- 
sary to further examine the region to determine the possibility of 
this delta having been built in a temporary glacial lake. 

To the north and west of Port Washington occur a number of 
gravel and sand pits opened in a characteristic glacial delta, whose 


‘Salisbury, R. D. N. J. geol. sur. An. rep’t state geol. for 1898. 1894. p. 161. 


The tee uke pl a or d 
bay, trending northward fromi>Pbrit Wi 
ward about one mile beyond the village. 
accordant with the outline of the outer c a a of 
distance varying from half a mile to a lee te t he lo 
stratified sands pass into till, and the level sur ‘ ace ¢ 
gives place to a hummocky topography, sloping generally t 
the open waters of the sound, plainly indicating the de Me ee ri 
were laid down in the presence of the ice or beneath it wl 
waters pouring from the ice constructed the delta, — We a 1 
the picture of a small semicircular embayment of the ic  f 
From an inspection of the ground, it appears that the e t th 
ice lapped over on the existing land for a distance of three fo urths 
of a mile to nearly a mile from Barker point, around by Sands Lig 
point, and for a slightly greater breadth on the eastern aide tO 
least as far as Mott point. Beyond this locality it is quite impo eibl eo hale 
to discriminate the deposits of the ice made at this stage frou th 
earlier deposits laid down when the ice front was closely pres 
against the moraine on the south. , aa 

The structure of the delta as exposed in the summer of 1900 is 
typically deltiform, with beds of sand steeply inclined toward the — 
frontal lobes, each bed having been deposited in its present inelina- 
tion on the growing edge of the delta, as the streams coursing over 
the embankment, already built up to water level by this process, 
came to the outer margin and let their load of sand come to rest 
by sliding down the frontal slope to the angle of repose for that 
material in water. (See pl. 7 and 8) 


ae vf ‘ 
3A is 
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H. Ries. photo. 


Section of glacial deita in eastern sand pit, Port Washington, showing fore-set and overlying top-set heds. View looking north 


w ae was ce off from is sound along the sorthe 
and, and that the sound was as yet filled with glacial 
3 of Port peseaneton mies: there isa deep channel 


u aot Be an: northeastward across the eyelia and till 
io: ie Seavey: of Mott point. ee bottom of this trough, 


ae ve the ent ae The trough has the form of one of 

etd _ those creases eroded or kept open by water flowing out of the ice 

3 2et or from one glacial lake to another along the ice front. At 

| ‘the time it may have connected the waters confined in Hempstead 
bay with the water held by the ice sheet in the Manhasset bay 
depression. 

The crease at the southern end of Hempstead bay, at ‘Roslyn, 
shows clearly that a stream once discharged there across the moraine 
on the plain, with its bed over 120 feet above the present sealevel. 
Hempstead harbor is bounded on the east quite up to the sound by 
land rising above 100 feet, so that, when the ice front retreated from 
the morainal wall at Roslyn, drainage would continue to escape 
through the Roslyn channel till the Mott point channel was opened 
by the retreat of the ice north of that point. At this stage any open 

water in Hempstead harbor would have escaped into the Port 
Washington body and its level fallen off to about 80 feet. This 
arrangement of cols and drainage channels, considered in relation to 
the retreat of the ice front, proved by the Port Washington stage, 


in Manhasset bay after the ioe front h ad ta ire 
Washington, for the water level had then ‘fall on 
nessed by the delta at that locality. eo waa Bi ‘ 
West of Manhasset bay, most of the sage | 
fails to attain the 100 foot level. The moraine itse 
tinuous barrier rising above the 80 foot contour line a 
the vicinity of Maple Grove is reached. Between this 1 
Prospect park in Brooklyn, there are eight or nine low, Trou 
passes across the crest of the moraine, which might have serve 
the overflow of water held in on the north between the mo ‘ 
the retreating ice front as late as the Port Washington st 
the ice, on account of its greater activity near the axis of 
son lobe, maintained its position close to the moraine in the v: vi on] 
of Brooklyn, at least depassing the 80 foot contour line on the be ie 
of the moraine so as effectually to prevent discharge by a 1a F 
level into New York bay north of the Narrows. Bae 
These troughs across the moraine are singularly uniform in leve 
In all those enumerated their bottoms lie according to the govern 
ment survey between the 100 foot and the 80 foot contour Tinga,” if x . 
Some of them are clearly inosculating kettle-holes, marking the site 3 & 
of melting masses of the ice. From some of them, drainage creases _ aa 
can be traced out over the frontal plain. They are best developed 
in line with the bays and depressions on the north side of the 
tnoraine, and hence were probably the paths of subglacial streams, 
as in the case of the passes on the Oyster Bay quadrangle. They 
are however not unique in this portion of the moraine. There are 
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other similar passes at higher levels. Their coincidence of level is 
apparently accidental ; but their repetition not only determined the 
level to which delta construction should reach in the temporary 
lake behind the moraine at this stage, but the fact also explains the 
failure to depart from that approximate level while the ice main- 
tained its position. With the possibility of the water spilling over 
through several or all of these channels, the drainage, if the time 
were short, would hardly concentrate on any one of them. That 
the time was short, is shown by the small delta built at this level. 
Where the outpouring stream from the ice was strongest, the delta 
pushed out about a mile. 

The deep drainage furrow dissecting the delta on a north and 
south line indicates a sudden falling off in the water level. This 
undoubtedly points to a change in the position or in the solidity of 
the ice barrier on the west, such as to permit the confined waters to 
escape into New York bay at a lower level than the passes in the 
moraine. The fact of such a change of level is indicated in a small 
delta at about 40 feet in the vicinity of College Point. 


College Point delta 

A poorly developed delta fringes the southern slope of the bar of 
glacial drift which connects College Point with the village of White- 
stone. The northern slope and much of the crest of this ridge are 
morainal, though sands are exposed here and there beneath this ice- 
laid coating. Ata point about due south of the bottom of Powell 
cove, a section open in June 1900 showed the fore set and top set 
beds of a typical delta structure extending southward. The struc- 
ture as in fig. 9 indicates a period of building at about 35 feet above 
the present sealevel, followed by a rise of the water level of about 5 
feet, the whole indicating clearly a water body north of the main 
moraine at about 40 feet above the present sealevel. 

The ice front had now evidently retreated along a part of the 
line somewhat north of its position at the Port Washington stage. 
That this retreat was not without slight advances, is probably indi- 
cated by the evidence of rising water level in the College Point 
delta; but the opening of crevasses in the ice margin and their sub- 


Brooklyn into Wallabout aie the hi 
the 20 foot and 40 foot contours. From 7 

winding passage below the 40 foot level | W 
charge into or connection with Gowanus | 
moraine at the Narrows. 
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Fig.9 Cross-section of the structures observed in the Col- stated chan simi lé r 

2 bebeepelnya ste: fore-set beds; b, top set beds; c, mations north of 

moraine indicate v 

spread waters at about this level. When these have been - rt 

investigated it may be necessary to admit a submergence to. 

extent. What is stated here must be taken with this resers 
in mind. 


ee 
alae 

' See, on the formation of temporary lakes at the present time, Edouard Suess, ey 
La face de la terre. Paris, 1900. 2:590-97, and the authors there cited; alsoDe 
Lapparent, Traité de géologie. 4meed. Paris, 1900. p. 302-3, on the sudden _ we 
drainage of glacial lakes. For American glacial lakes of the class here described, ; 
we H. B. Ktimmell, Lake Passaic, an extinct glacial lake, in N. J. geol. sur. 
an. rep’t for 1893. Trenton 1894. p. 225-828; separately printed 1895. p. 1-89; 
Crosby and Grabau, Glacial lake deposits near Boston, Science. 1896, 3: 212- ‘% 
15; also Grabau in Crosby’s Geology of the Boston basin. 1900. v. 1, pt.2<) ee 
p. 564-600, pl. 25; and Warren Upham, The glacial lake Agassiz, U. 8. geol. 
sur. Monograph 25. 1895. 658 p. 
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; position econ as «tees as Sie be Sia Sik ite! 
of the ice front at the time of the Port signees and 
Point stages. 

broad sense most of the western ae of the island ort 
2 moraine is morainal. But it has a distinct aggregation in 


; ae EP iascc at the contours on the map Slt show a line of irregu- 
lar, flattish drift hills with hollows lying about 2 miles north of 
the main moraine. This line is encountered at East Williamsburg. 
On the north and west of Corona is a curved line of deposits 
highly suggestive of an ice margin, and the phenomena are repeated 
‘in deposits bending around from East Calvary cemetery near Hun- 
ters northeastward past Ravenswood into Astoria and thence to 
the East river near Sanford point. This line is, again, about 2 
miles farther back than the Corona line, and the two bend south- 
westward toward New York bay, as the line might be expected to 
bend if the ice were not completely stagnant along the axis of most 
rapid movement down the Hudson valley. Moreover, the Astoria 
line is apparently a continuation of the College Point frontal 
deposits, and they are so represented by the line drawn on the 
accompanying sketch map (pl. 9). The line of the Port Washing- 
ton stage is not so definitely known. From Littleneck bay it is 
represented as following the Corona deposits; it may have rested 
against the drift hills on either side of the southern end of Flush- 

ing bay; the results are practically the same in either view. 
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The map includes the area from Roslyn and Glen Cove on the east to Brooklyn and from the moraine to the north shore. The obliquely ruled black lined areas comprise 
The unruled area between the moraine and the heavy black line representing the Port Washington ice front giyes the approximate extent of 


the fresh-water lake held in at the Port Washington stage. The dotted surface with lobate margins shows the position of the delta of that stage, and the arrow indicates 
the channel through which the Hempstead bay lake drained into Manhasset bay lake, from which in turn the water may have escaped into the Little Neck and Mlushing bay 
region, and so spilled over the moraine in some one or more of the low passes marked by small arrows. 


then’ ert hack 


or land i ice, 2 figs ses 
portions of the front of an ice sheet la 
These deposits as a whole underlie th 
the Columbia formation of Maes _ Certain ¢ pects 
~ seem to be paralleled in New Jersey by the y 

tions described by Salisbury.’ Subsequent EB 
locally affords no decisive evidence of the relation of Ma und t 
level, they appear to have been somewhat dinoaketial 
streams, indicating an epoch of deglaciation or ice selieait 
nite duration. Following this came the deposition ~~ s 0 
moraines in the area, an outer and inner or earlier and later, | i in 
the western part of the field the later ice front depassed ches ositio 
of the earlier advance. The land appears to have been sh 
above sealevel as it is now, if not higher; and during the retreat o 
the ice one or more temporary lakes existed back of the mor, pets 
first at 80 feet above tie present sealevel, then possibly at about 40 ua} 
feet. This lower body of water may have been at coalenubnaes ae i 
stated above. With the retreat of the ice front across East river, ae 
the region escaped from the field of glacial action, and its latest 
glacial deposits and features pertain to the very beginnings of the — 

ice retreat, a time but slightly past the culminating phase of the 

last or Wisconsin glacial epoch. Of any such distinctions as a Cham- 

plain and Terrace epoch there appears here no trace, for the over- 

wash plain was making while the ice was at its maximum extension, 

and the glacial terraces marked by the small deltas described in this 


‘Salisbury, R. D. N. J. geol. sur. An. rep’t state geol. 1895. p. 67-72. 


rT nie a end Of nee Take ‘Surprise is” no Dae a 
example. It lies at an elevation of about 200 feet above — 
a basin oes sides are gravelly till. Presumably the- 


ae latter. Such (eee en on the percolation of the 
\ eRe papoiee the ome gravelly or sandy materials of 


— ae water in He eit Other. small lakelets lie in» 
spressions in the outwash plain, as at Plattsdale. Westbury pond 
Bey ca is one of this class named on the map. 

The streams of the plain flow, as has been eae in courses 
which were carved out by the once more vigorous glacial streams or 
in still older channels on the north side of the moraine. Owing to 
the porosity of the glacial gravels, much of the rainfall soaks into the 
ground and issues near sealevel in the form of springs, hence, since 
the run-off is small, little erosive work has been accomplished in the 
post-glacial epoch. Yet the streams which converge into Oyster 
bay have contributed enough gravel and sand to form a narrow 
flat, modified by wave action where the village of that name 
stands.’ 

Marine action at the present sealevel has cut back the outwash . 

plain on the south coast as well as the Far Rockaway ridge, so that 
the outermost extent of both of these formations is now destroyed, 


- 1In June 1900 a well bored by means of a drill on the north side of Main st. 
%60 feet distant from the beach met at the depth of 45 feet (35 feet below sealevel) 
a marl containing oyster shells (Ostrea sp). Above this bed were gravels, 
below light yellowish sand. 


such as Iandslips an 
nearly compensate f 
handled by the pes 
has been in: my: : yy the numerc 
rest upon the tate — he und 
which is wanting on the south | shore. J} us SI 
beaches occur, usually with outlets a their a er 
lagoons or back bays which they inclose. | few | smal 
land, which otherwise would stand out as islands along 
shore, ate tied together and so to the main island by tl 
as in the ease of Center island in Oyster Bay harbor, wh 
joined with Oak neck, and that in turn to the land. The uy 
inner portions of these beaches are composed of dune s sand. — 
In the narrower bays and creeks behind the barrier b 2ac he _ 2 
marshes have developed on both sides of the island. - The e: 
these deposits on the south side is very much less than on th es 
coast. The land in such situations usually slopes beneath t he int 
margin of the marsh flats without evidence of former wave a 


at this level. Both the beaches and the marshes have devele ee in 


post-glacial time. If during all this time the sea stood at its pr “a ot | 


level, before the barrier beaches were formed the waves must h ; 
had a relatively free run against the sides of certain inclosed 1 
bay shores ef the present time, aud would have nipped the ee 
ent materials so as to form a small but perceptible eut bench and 
bluff. The absence of this feature in what but for the barrier 
beaches would be exposed bay shores seems explicable only on the 
liypothesis that the land has sunk, so that the wave-cut terraces, 


‘For a recent discussion of the origin and terminology of seashore deposits, 
consult F. P. Gulliver, Shore line topography. Am. acad. arts and sci. Proc. 
15899. S54: 151-258; also F. J. H. Merrill, Barrier beaches of the Atlantic coast, 
Pop. sci. mo. 1890. 87 :786-45. 


i ya flattened ee was on ised in ee summer — 1900 
2 2 rier beach bE Prospect point ae 


ee southeast iis ee moe In view, however of 
a of ee 7 swamp eet ee localities 


a8 Me sisis such as the digs and gravels of the north coast of Long 
fe ‘Island may be taken as evidence of a movement of the continent. 
“hee There is a slow movement of the loose materials toward the shore in 
many high bluffs. At Ragged Land point east of Northport harbor 
this movement in clays has developed a landslide structure, a pro- 
cess which presumably has been continuous since the suggestive 
name was given to the irregular projection which these clays make 
-on the beach. They move with something like glacial flow, over- 
running the normal beach, the wave action being there unequal to 

the task of maintaining a straight shore line. 


_ 1 De la Beche appears to have first made this point in the case of certain British 
— beaches. See Geological manual. Phil. 1832. p. 73-75. 
2Suess, Edouard. La facede laterre. Paris 1900. 2: 670-89. 


—— On some ine ‘ects of th fice sheet. See n 
1886. 35: 228-29. ti tee ‘ Ais Pty. Yeah 
Hollick, Arthur. Some itis othe oe ‘the geology of 1 
acad. sci. Trans. 13: 122-82. ee 
— Disdcations in certain portions of the Atlantic plain strata a 
able causes. N. Y. acad. sci. Trans. 1894. 14:8-20. 
Crosby, W. 0. Outline of the geology of Long Island ais . 
public water supply. Technology quar. Bost. 1900. 13: 
Shattuck, George B. The Pleistocene problem of the North ! 
plain. Johns Hopkins university circular 152. May 1901. 
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GLOSSARY 
Terms used in this bulletin or found in writings concerning glacial p! 


Aggradation, aggrading. Deposition of alluvial plains by streams 
Borrow-pit. Pit from which gravel or sand is taken in construction work ~ 
Boulder belt. Extended pile of boulders accumulated in the form of a 6 ret Pee. 
moraine: or excessively bouldery ground ary the former position o of joe he 
front of an ice sheet =3 sar 42 ‘uae 
Boulder train. Term applied in the United States to the train of boulders | i a9 
pebbles distributed by the ice sheet over the country southward of some = oh 
readily identified rock having a limited exposure in the glaciated field and An 
of which the boulders and pebbles consist ae ic 
Col. That part of a divide which lies in a pass é 
Columbia formation. Series of loams, gravels, and sands occurring in the Fah: 
plain, forming terraces and river deltas deposited during the submergence of 
the land before the last or Wisconsin glacial epoch and after the tertiary. 
The deposits are variously subdivided in New Jersey and Maryland, The 
coarseness of some of the deposits indicates a period of cold with signs of 
glaciation and one or more advances of the ice over the glaciated district 


he Tottediar or oval, per ot hill peter of till feucaltes by 
e sheet; distinguished from a kame by its eee greater size, its elon- 
2 oval form, and its composition ; 
10id. Having the form of a drumlin 
Fase winding ridge of gravel and sand, often eeabinted with glacial 
plains and kames, and considered by most ge ied to be the deposit 
le in the channel of a subglacial stream | 
er-fan. Small glacial sand plain or delta with a lobate outward margin Br a 
_ terrace, often cuspate, on the inward margin facing the ice sheet against which 
‘eh wae it was formed at the same time that the associated esker was being deposited 
pret: - inside the ice sheet 
ee Cross bedding often on a large scale developed in formation of 
the subaqueous portion of deltas. Each fore-set bed is an underwater talus 
formed at the growing edge of the delta where the stream coursing over the 
surface of the delta drops its load on reaching open water. The beds incline 
} steeply forward in the direction in which the delta is building, hence the 
name. Fore-set beds are usually overlain by the top-set beds, which see 
_ Fosse. Depression or unfilled area often found between the terraced ice contact 
of glacial sand plains and morainal mounds forming a belt within the ice 
covered field, as on Nantucket 
Glacial drift. In a general sense, the boulders, till, gravels, sands and clays 
transported by glaciers or the stream flowing from them; specifically in some 
writings, unstratified or ice-laid drift. Unmodified, unstratified, or unassorted 
drift are expressions referring to the till or ice-laid drift; modified, stratified, 
or assorted drift are expressions applied to the water-laid gravels, sands, and 
clays produced in the vicinity of melting glaciers or remnant masses of ice 
Glacial lobe. One of the lobate protrusions of the margin of an ice sheet, some- 
times a score or more miles in width as where the ice has been free to spread 
out in depressions along its margin 
Glacial retreat. A glacier is said to retreat when its front recedes. The ice may 
be actually moving forward toward this front, but the rate of backward melt- 
ing at the front, if it exceeds the rate of forward movement, will cause the 
position of the front to recede 


ra Ta 2 ae ae 


which have : accumulated under am ving glacie 
ground from the melting out of the ice in v 
Ice sheet. " Form of glacier moving saiteligccet aaah rom a regio 
fall and covering usually all but the highest rmottaina fai s path 
Interglacial. Interval between two glacial epochs or advances of ‘ty 
Intraglacial. Said of phenomena peculiar to RS oe 6 oe 
#t any given time; contrasted with extraglacial — ’ a 
Interlobate. Lying between two lobes of a glacier ie: 
Kames. Mounds of stratified or rudely stratified gravel and sand 0 d 
by hollows; due to the irregular settling or Gepoeans of deposit 
in the presence of melting masses of ice By : a 
Kame moraine. Belt of glacial deposits laid down by the interaction of ic 
water at or just witbin the margin of an ice sheet, and having t 
kames 
Kamy. Characterized by low knobs and shallow depressions (colloquiali: | 
Kettle-hole, ice-block hole. Pit or depression sometimes occupied by si ' 
water; often found in glacial sand plains or other glacial depts where 
masses of ice have melted out be 
Lobe. One of the rounded spurs of the outward margin of a delta Pet 
Where a stream Las pushed its deposit out beyond the general line; - one | 


a 
a a 


of the protrusions of ice along the margin of a glacier : Se 
Moraine. Swiss term for the debris transported and deposited by glaciers; fs ane 
America, the ice-laid drift accumulated about the edge of a glacier, usually es 


in belts and often a mile or more in width, classified with regard to position 
in relation to the ice as frontal, submarginal, lobate, interlobate, ete, 
Osar. Swedish term for eskers; Swedish singular os, plural Osar; through mis- 
understanding, English singular osar, plural osars have been used 


( sly | following we last — 


Ke ed to the name eof. a eee plod or Wee os ‘to denote any or all 
ee s geologic sia in a narrow sense, the immediately preceding time 


eS Bia il g the placial period; aS vaguely used, and in older writings often 
+ ne aa - applied to formations now understood to be of Pleistocene age but older than 
aes ‘ ‘the last or Wisconsin epoch ~— | 
Quadrangle. In references to the topographic map of the United States, one of 
the four-cornered divisions of land corresponding to an atlas sheet; the area 
‘mapped as distinguished from the map or atlas sheet 
peace, ‘See Glacial retreat 
Roche moutonnée. One of the half rounded smoothed — of rock produced 
by glacial erosion 
Run-off. That part of the rainfall which discharges into the streams of a region 
without passing underground 
Sand plain. See Glacial sand plains 
Striation. Act of scratchin g the surfaces of ledges and boulders by the movement 
of glaciers 
Striae. Scratches or furrows produced on rock aor eied by glacial action 
Tarn. Small lake, asin the glaciated district of Scotland; specifically, a moun- 
tain lakelet of glacial origin, a rock basin 
Terminal moraine. In North America, the outermost line of moraine made in the 
last or Wisconsin ice epoch traceable from Nantucket across Marthas Vine- 
yard, Block Island, Long Island, and thence westward over the mainland 
Terrane. Any definite portion of the earth’s crust defined by its geographic 
position or its geologic age; as the piedmont terrane, the pre-Pleistocene 
terrane 
Thalweg. Stream channel at the bottom of a valley 
Till. In the widest sense, rock debris carried and deposited by the direct action 
of a glacier; typically, a more or less compact mass of boulders, gravel, with 
sand or clay, without stratification and necessarily of glacial origin 


| ee of Long Island, 6217-228. 
College Point delta, 657°-59°. 


( Columbia formation, 624!-33°. 


Crosby, W. O., cited, 645°, 651°, 664°. 
Curtis, G. C., cited, 633°. 


Discoloration of the gravels, 625', 634”. 


Dislocated deposits, 624°, 630', 632°. 


Eaglestone, 626°. 
East Williston, sections of clays, 645%. 
Erosion interval, 6348-37?. . 


Far Rockaway ridge, 651’. 
Fossiliferous boulders, 624%, 6277. 
Fossiliferous pebbles, 624". 


Geikie, A., cited, 626°. 

Geology, 621+. 

Glacial formations, 623?-48%. 

Glacial history, summary of, 660'-63°. 
Glacial lakes, 658°. 

Glacial streams, 643°-447. 

Glaciated ledges, 652%-53°. 

Glen Cove, Pleistocene section, 628°. 


a ae section, 631, A 1 


| Harbor hill, 639°-414,_ 
8, | Harbors, excavation, 636%. 
Harlem quadrangle, 648°-507, 


Hempstead quadrangle, 618°. 
Highlands, trap boulders from, 
- 6527. 

Hollick, Arthur, cited, 664+. 


6278, 


Jamaica bay depression, 650°-52?, 


Lake Surprise, 661°. 
Lewis, Elias jr, cited, 6647. 
Lyell, Sir Charles, cited, 652°. 


McGee, W. J., cited, 624’. 

Manhasset sands, 632'. 

Marshes, 662°. ee 

Marthas Vineyard, gravels and sands, 
624°, 6337; stone concretions, 625°; 
erosion of valleys, 636%. 

Mather, W. W., cited, 624°, 627°, 664!. 

Merrill, F. J. H., cited, 624°, 6514, 6644. 

Mill Neck creek depression, 635°. 

Mill Neck sands, 630°. 

Moraines, 618°-19°, 6254, 637°-46°; dis- 
tinction between outer and inner, 
6415-437. 


Outwash plains, 6447-46°. 
Oyster Bay, springs at, 637'. 
Oyster Bay quadrangle, 618’, 624". 


Palisades, trap boulders from, 627%, 
6527. 
Peat, submerged, 663°. 
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Seagknmia of the reports. 
ogist’s reports. New York State miuseom) (State eae 


annual report 1881-date. Rep’ts I, 3-13, 1 17—datée, O.;:2;'14-16;. O. 
Albany 1881~-date. 

Reports 1-4, 1881-84 were panieted only in separate form. Of the 5th report 

xa pages were reprinted in the 39th museum report, and a supplement to the 

6th report was included in the 40th museum report. The 7th and subsequent 
reports are included in the 41st and following museum reports, except that 
certain lithographic plates in the 11th report (for 1891), 13th (for 1893) are 
omitted from the 45th and 47th museum reports. 

Separate volumes of the geologist’s 12th report can be supplied for 50 cents; 
14th, 17th and 18th for 75 cents each; 15th and 16th for $1 each; 19th for 40 
cents. Others, except as parts of museum reports, are not available. 

In 1898 the paleontologic work of the state was made distinct from the geo- 
logie and will hereafter be reported separately. 

The annual reports of the early natural history survey, 1836-42 are out of print. 


Paleontologist’s reports. New York state museum. State paleon- 


tologist’s annual report 1899-date. Albany rgoo-date. 

See third note under Geologist’s reports. 

Bound also with museum reports of which they form a part. Reports for 1899 
and 1900 may be had for 20 cents each. 


Botanist’s reports. New York state museum. State botanist’s an- 
nual report 1869-date. Albany 1869-date. 


Bound also with museum reports 22-date of which they form a part; the first 
botanist’s report appeared in the 22d museum report and is numbered 22, 

Reports 22-41, 48, 49, 50 and 52 are out of print; 42-47 are inaccessible. 
Report 51 may be had for 40 cents; 53 for 20 cents; 54 is in press. 

Descriptions and illustrations of edible, poisonous and unwholesome fungi of 
New York have been published in volumes 1 and 3 of the 48th museum report 
and in volume 1 of the 49th, 51st and 52d reports. The botanical part of the 51st 
is available also in separate form. The descriptions aud illustrations of edible 
and unwholesome species contained in the 49th, 51st and 52d reports have been 
revised and rearranged, and combined with others more recently prepared and 
constitute Museum memoir 4. 
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43th rep’t 1894 se 
16.17 soth Feet ae: 
18-19, 51st ¥ — ; oy A a 8. 
26-31, 53d « yg99 45. ware sch oh See 
Volume x. 6 nos. $1.50 in cloth : ; (ee Slory, A Se is 
I Marshall, W: B. Preliminary list of New York ‘unionida 
Mar. 1892. 5e. ah 


2 Peck,C: H. Contributions to the botany of the sate of Ne 
66p. 2pl. ‘May 1887. [35]e. Bea - 
3 Smock, J:C. Building stone in the State of New Yor 
Mar. 1888. Out of print. 
4 Nason, F. L. Some New York minerals and their localities 
ipl. Aug. 1888. 5c. . a 
5 Lintner, J. A, White grub of the May beetle. 32p. il. Nov. 1 1888. 1 
6 Cut-worms, 36p.il. Nov. 1888. zoe. e sie a 


Volume 2. 4 os. [$1.50] in cloth 


7 Smock, J: C. First report on the iron mines and iron ore “ae cts n ae - 
N.Y. 6+70p.map 58x60cm. June 1889. Out of print. — Ds * be 
8 Peck, C: H. Boleti of the United States. g6p. Sep. 1889. [yo]e. 


9 Marshall, W: B. Beaks of unionidae inhabiting the vicinity of ~ Rey ‘A 
N.Y. 24p. rpl Aug. 1890. soc. > ae 

10 Smock, J: C. Building stone in New York. 21rop. map 58x60 cm. — 
tab. Sep. 1890. 40¢. + 


Volume 3. 5 nos. 
II Merrill, F: J. H. Salt and gypsum industries in New York. g2p. 
12pl. 2 maps 38x58, 61x66cm, 11 tab. Ap. 1893. oc. 
12 Ries, Heinrich. Clay industries of New York. 174p. 2pl. map 
59x67 cm. Mar. 1895. joc. 


13 Lintner, J. A. Some destructive insects of New York state; San José 
scale. s4p.7pl. Ap. 1895. 75. 
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np, W: M.  Polisk tone sed by the New York 
os uM ad pe es. ~~ ; say mF pe " Te eee * Ay: 
_ 104p. 35pl. Nov. Risto e' . seine b 


: J. H. Guide to the study of the geological collections of | 


ew York state museum. 162p. rrgpl. map 33x43 cm. Nov. — 


E. P. Elm-leaf beetle in New York state. 46p. il. spl. June 


Buger er Sods 
t Kemp, J. F. Geology of the Lake Placid region. 24p. rpl. map 
33x34cm. Sep. 1898. 5c. . : 
uchamp, W: M. Earthenware of the New York aborigines. 
.33pl. - Oct. 1898. 2§e- | fi 
Felt, E. P. 14th report of the state entomologist 1898. r5op. il. 
Me OEC. 1890. . 200.) 7 i 
4 —— Memorial of the life and entomologic work of J. A. Lintner 
Ph.D. State entomologist 1874-98; Index to entomologist’s reports 
31-13. 316p. rpl. Oct. 1899. 35¢. | 
SO sles Supplement to 14th report of the state entomologist. | 
25 Peck, C: H. Report of the state botanist 1898. 76p. spl. Oct. 
$ 1899. Out of print. 
26 Felt, E. P. Collection, preservation and distribution of New York 
insects. 36p.il. Ap. 1899. 5c. 


27 - Shade-tree pests in New York state. 26p. il. spl. May 1899. 5c. 
28 Peck, C: H. Plants of North Elba. 206p. map12x16cm. June 
1899. 20¢. 


29 Miller, G. S. jr. Preliminary list of New York mammals. 124p. 
Oct. 1899. 15¢. | 

30 Orton, Edward. Petroleum and natural gas in New York. 136p. 
il.-3 maps 13x23, 7X22, 9x14.cm. Nov. 1899. JI5¢. 

31 Felt, E. P. xsth report of the state entomologist 1899. 128p. 
June 1g00. 156. 

32 Beauchamp, W: M. Aboriginal occupation of New York. gop. 

- r6pl. 2 maps 44x35, 93-5x69.5 cm. Mar. 1900. 306. 

33 Farr, M.S. Check list of New York birds. 224p. Ap. 1900. 25¢. 

34 Cumings, E. R. Lower Silurian system of eastern Montgomery 
county; Prosser, C: S. Notes on the stratigraphy of Mohawk valley and 
Saratoga county, N. Y. 74p. ropl. map 32.5x44cm. May 1goo. r5¢. 

35 Ries, Heinrich. Clays of New York: their properties and uses. 
456p. r4opl. map 93.5x69.5 cm. June 1900. $7, cloth. 

36 Felt, E, P. 16th report of the state entomologist 1900. 118p. r6pl. 
Mar. 1gol, 25¢. 
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25-5x11.5cm. Ap. 190%. ZO, © 
44 Ric, | ieinrich, Timetad ipa | LS of New \ 
45 Grabau, A. W. Geology and paleontology c 
vicinity. 286p. il. 18pl. map 38x84.5 cm. Ap. 1 
46 Felt, E. P. Scale insects of importance and a |: 
New York. o4p.r1spl. June 1901. 256 
47 Needham, J. G. & Betten, Cornelius. Aquatic insec sin the 4 
dacks. 234p. 36 pl. Sep. 1go1. gor. Beet” 


48 Woodworth, J.B. . Pleistocene geology of Nassau county 
of Queens, 58p. 8pl. map 35x71 cm. Dec. 1901. 25¢, 
49 Ruedemann, Rudolf; Clarke, J: M. & Wood, Elvira. F 
papers 2, 240p.11 pl. Dec. 1901. gor. — nat 2: 
Contents: Ruedemann, Rudolf. Trenton conglomerate of Rysedorph | 
Clarke, J: M. Limestones of central and western New York inte bedded 
bituminous shales of the Marcellus stage. + 
Wood, Elvira. Marcellus limestones of Lancaster, Erieco.N. Y¥. 
Clarke, J: M. New Agelacrinites. ik re 
—— Value of Amnigenia as an indicator of fresh-water deposits durit gthe 
Devonie of New York, Ireland and the Rhineland. N ty oe 
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50 Beauchamp, W: M. Horn and bone implements of the an 
Indians. Jn press. aay 
Eckel, E. C. & Paulmier, F.C. Catalogue of New York reptiles and — 

batrachians. Jn press. ck oe 
Mernill, F: J. H. Directory of natural history museums in United 
States and Canada, /n press. es ae” 
Clarke, J: M. Catalogue of type specimens of paleozoic fossils in or 
the New York state museum. Jn press. Psat ty <5 
Bean, Tarleton. Catalogue of the fishes of New York. Jn press. 
Dickinson, H. T. Bluestone quarries in New York. Jn Press. 
Merrill, F: J. H. Geologic map of New York. Jn preparation. 
seauchamp, W: M. Metallic implements of the New York In- 
dians, “Jn press. ; 
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2v. il. pl. sq. Q. Albany 1843. Out of 
DIVISION 3 MINERALOGY. Beck, LewisC. Min of New Y 
detailed deseriptions of the minerals hitherto wanes we York 
and notices of their uses in ok gibsite dh communes ‘i ple @ 

1842. Out of print. 


DIVISION 4 GEOLOGY. Mather, W: W Ebenezer ; ; Vanuxem, L 
& Hall, James. Geology of ‘New York. ear ek amg pl. sq. Q. Albany 
Out of print. 


DIVISION 5 AGRICULTURE. Emmons, Ebenezer. Aertpultiry of New York; co 
prising an account of the classification, composition and of the 
soils and rocks aud the natural waters of the different is gros ations 
together with a condensed view of the eerie | hee sgricoltara duc 
tions of the state. 5v. il. pl.sq.Q. Albany “Te 


DIVISION 6 PALEONTOLOGY. Hall, James. i misled AO. of ee ae 
pl. sq. Q. Albany 1847-94. Bound in cloth. 


Museum handbooks. 7%4x121%4 cm. Albany 1893-date. 


Price in quantities, 1 cent for each 16 pages or less. Single copies pe 
as below. 


Hs5 New York state museum, 14p.il. 3. 


Outlines history and work of the museum; with list of staff and 
publications, 1893. 


H13 Paleontology. 8p. 220. 


Brief outline of state museum work in paleontology under heads: Definition; 
a to biology; Relation to stratigraphy; History of paleontology in New 
or 


HI5 Guide to excursions in the fossiliferous rocks of NewYork, r20p. &8. 


Itineraries of 32 trips covering nearly the entire series of paleozoic rocks, pre- 
pared specially for the use of teachers and students desiring to acquaint tiem 
selves more intimately with the classic rocks of this state. 


H16 Entomology. 8p. Out of print. 

H17 Geology. Jn preparation. 

Maps. Mermll, F: J. H. Economic and geologic map of the state 
of New York. 59x67 cm. 1894. 25¢. 
Scale 14 miles to Linch. New edition in preparation. 


Geologic map of New York. 1901. $3. 


Scale 5 miles to 1 inch. 
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